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The American College of Foot and Ankle Surgeons (ACFAS) assembled a task force to develop a scoring scale that could be used by the membership and practitioners-at-large. The original publication that introduced the scale focused primarily on use of the scale and provided only brief background on the development of the health measurement instrument. Concerns regarding the validity and reliability of the scale were raised within the professional community, and ACFAS assembled a task force to address these concerns. The purpose of this article is to address the issues raised by reporting the detailed methods used in the development of the ACFAS Scoring Scales. The authors who constitute this task force reviewed the body of work previously conducted and applied standards that serve to evaluate the scoring scale for: 1) validity, 2) reliability, and 3) sensitivity to change. The results showed that a systematic and comprehensive approach was used in the development of the scoring scales, and the task force concluded that the statistical methods and instrument development process for all 4 modules of the scoring scales were conducted in an appropriate manner. Furthermore, modules 1 and 2 have been rigorously assessed and the elements of these modules have been shown to meet standards for validity, reliability, and sensitivity to change.
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The American College of Foot and Ankle Surgeons (ACFAS) Universal Evaluation Scoring Scale Task Force developed 4 anatomically based scoring scales intended as clinical instruments to be used to measure subjective and objective parameters germane to foot and ankle surgery. Modules 1 and 2 were released in 2002 (1, 2) , and a subsequent user's guide containing all of the modules was published in 2005 (3) . The first 2 modules, which focus on the first metatarsophalangeal joint and first ray, and the forefoot, respectively, were developed and statistically analyzed in an effort to confirm that their development and design yield valid results.
The work of the original task force a priori was intended to be periodically reevaluated after a reasonable trial period by practicing surgeons. However, reevaluation has not yet occurred and the scoring scales have not yet been widely used for a variety of reasons, including issues raised about the accuracy of validation by external (4) and internal reviews by the ACFAS Evidence Based Medicine and Research Committee. Specifically, the methods, analysis, and results of the original development process were not reported and have subsequently been challenged (4) .
The purpose of this report is to address the issues raised by reporting the detailed methods used in the development of the ACFAS Scoring Scales. In addition, the steps used for prior validation of modules 1 and 2, including assessments of validity, reliability, and sensitivity to change, are presented here as well.
Materials and Methods
The authors, who comprise the current ACFAS Scoring Scale Task Force, were assembled in 2010 to conduct the first reevaluation and to address the limitations of previous publications related to the ACFAS Scoring Scales. This process involved collection of all materials archived by the ACFAS that pertained to the development of the original scoring scales. We then reviewed the previous work to assess the conclusions that were reported in the original publications. Specific objectives of the current task force were derived from our own independent review of the available materials, and the criticisms raised by others and mentioned earlier in this report. In addition, we report the methods by which the original scoring scales were developed and the approach taken for instrument validation. Where possible, we determined standardization of the specific radiographic and objective functional items used in modules 1 and 2 to maximize reproducibility. To achieve this, we performed a detailed electronic search of the literature to determine if the techniques described possess a higher level of inter-rater and intra-rater reliability than those originally selected. Our objective was to strengthen the current scoring scale by identifying widely recognized and accepted techniques for making measurements, and bringing a higher level of standardization to the scoring process. The genesis of the scoring scales is depicted schematically in Figure 1 .
Results
The 4 modules of the ACFAS Universal Evaluation Scoring Scales are depicted in Figures 2 through 5 , and the user instructions that accompany the first 2 modules are depicted in Figure 6 . The scoring scales, as well as the work completed by the original task force, served as the starting point for our analysis of the development of the instrument in terms of validity, reliability, and sensitivity to change. The methods of radiographic and functional measurement described in Figure 6 represent techniques that are generally known to show high levels of inter-rater and intra-rater reliability.
Instrument Development
After a detailed review of all correspondence and materials archived by the ACFAS for the scoring scales, we determined that the original task force initiated its scoring scale development with a review of the literature including previously published scoring scales. A survey was conducted at the 1999 ACFAS Annual Scientific Conference asking members to rank the importance of having a scoring scale and the importance of different parameters. Of those members surveyed, 88% agreed or strongly agreed that the development of a foot and ankle surgery scoring scale was a worthwhile project for the ACFAS to conduct. The parameters were ranked by the members from the most to the least important, as follows: pain, function, shoe gear limitations, radiographic measurements, and cosmesis. The original task force then consulted additional experts in foot and ankle surgery to create initial scoring scales (i.e., sections, subsections, questions and answers, weighting of answers). This evolved into a modified Delphi process, a standard procedure in which a panel of experts is assembled, to obtain consensus for the conceptual framework of the specific questions and answers generated (5) . Subsequently, the format of these questions and answers was revised through the modified Delphi process. Patient focus group sessions were then conducted, and the findings were used to incorporate patients' values and interpretations of the questions into the instruments (Table 1) . Global questions were also derived to address the pain, appearance, and functional components of the scoring scales ( Figure 1 ).
Final ACFAS Scoring Scale
The Each of the final scoring scales included a total of 100 points (50 subjective, 50 objective). The original task force selected a total of 100 points for ease of use, interpretability, and the ability to maintain analogy with other scoring scales. The subjective parameters consisted of subsections encompassing questions and answers pertaining to pain (30 points), appearance (cosmesis) (5 points), and functional capacity (15 points), whereas the objective parameters consisted of radiographic (18 points) and functional (musculoskeletal) (32 points) measurements. Item weighting was determined by means of a process that included expert consultation, the modified Delphi process, and patient focus groups.
The primary aim of the ACFAS Scoring Scale is to evaluate the subjective and objective health outcomes before and after foot and ankle surgery. The ACFAS Scoring Scale should be used with patients enrolled in prospective clinical trials for foot and ankle surgery under the following conditions: Pathology/disease: Foot and ankle musculoskeletal diseases requiring surgical intervention Population for intended use: Adults (!18 years old), English speaking Administration mode: Subjective component, self-administered; objective component, clinician-rated Recall/observation period: Condition at present time administered preoperatively and postoperatively, except subjective pain response is over the past month
The ACFAS Scoring Scales (Figures 2 through 5) modules 1 and 2 were tested in a total of 91 patients in module 1 and 84 patients in module 2, in 6 centers over several years for validity, reliability, and sensitivity to change. 
Validity
After a detailed review as noted above, we determined that the first validation study assessed both content (face) and initial construct validity with an a priori plan to assess criterion validity and more indepth assessment of construct validity in future scoring scale updates. Content (face) validity was thoroughly assessed through the modified Delphi process consisting of 6 members and 2 consultants (3) in collaboration with an independent biostatistician over several years' time. This helped ensure adequate content (face) validity and appropriateness of questions and answers relative to the purpose of this scoring scale. A review of the content by the current task force reaffirmed the appropriateness of questions and answers, and helped to identify and refine areas where questions could be improved through further standardization.
Construct validity, as it relates to the proposed use of the scales, refers to the anticipated behavior of the scale after surgical intervention. Construct validity was demonstrated via the expected directional change in the module scores after surgical intervention (e.g., after first metatarsal osteotomy for hallux valgus, it is expected that the intermetatarsal 1-2 angle would decrease rather than increase). We hypothesized that the scoring scale would increase between the specific preoperative state and postoperative surgical intervention, because higher scores represent more desirable outcomes. A paired 2-sided Student's t test using the preoperative and postoperative scores found a consistent increase in the total scores with the expected directionality (P < .01) ( Tables 2 and  3 ).
Reliability
After a detailed review as noted above, we have identified the following process as occurring. Reliability of the subjective portion of the scoring scales was assessed via test-retest with an a priori plan to assess internal consistency in future scoring scale updates. Test-retest analysis was conducted with correlation coefficients between the initial test and the retest 7 to 10 days later. In broad terms, test-retest is a technique used to confirm reliability by answering and then reanswering the same question at a later time. Initial and subsequent answers are compared to determine whether the question can be reliably answered. We confirmed that a test-retest evaluation was performed both preoperatively and postoperatively such that each question and answer were collected 4 times. Fair to substantial agreement was obtained in all categories (Tables 4 and 5 ).
Sensitivity to Change
Sensitivity is based on the ability of the scoring scales to reflect a change after an intervention where a change would be reasonably expected (i.e., after surgery). After a detailed review, as described above, we have identified the following process as having occurred. The ACFAS Scoring Scale was administered preoperatively and again within a 6-month postoperative period. A paired 2-sided Student's t test was used to evaluate the mean change in the total score. A statistically significant change in the total score was detected, P < .01, which reflects the scoring scales' capacity to detect a clinically significant change after surgical intervention. Loss to follow-up ranged between 22% and 35% over the follow-up period. Therefore, sensitivity analyses were performed to assess the influence of nonresponders compared with a compliers-only analysis with a paired 2-sided Student's t test (Table 6 ).
Discussion
Scoring scale clinical instruments have traditionally been developed through a loose process that includes data thought to be clinically important to the investigator. However, this approach results in the genesis of scoring scales that generally provide insight into patient response to treatment but do not allow for comparison of results because they lack standard measurement and reporting techniques. The addition of objective data such as radiographic measurements with high interobserver reliability as well as reliable and valid joint range-of-motion techniques reduce investigator error and improve the usefulness of the scoring scale. In contrast to the above, the optimal scoring scale clinical instrument begins with a consensus panel that determines the critical elements to be assessed (the modified Delphi process). Once the areas of interest are determined, questions are crafted that will help to ascertain the relative success of the procedure or treatment to be evaluated. Draft scoring scales are then assembled and tested. Through constant refinement, the scale is eventually formed and must then be validated. The validation process is a formal, statistical process, and several specific criteria must be obtained. The optimal scoring scale clinical instrument will produce a quantity that is reliably reproducible and closely correlates with the patients' symptoms. This requires that the scoring scale has undergone a validation process that includes the following criteria:
Validity based on content validity (face value), construct validity (subjective versus objective correlation), and criterion validity (correlation with gold standard) Reliability as demonstrated by consistency in data collection (intra-rater test-retest) Sensitivity to change after the study treatment
We conducted the first reevaluation of the ACFAS Scoring Scales to address the limitations of previous publications (4), to report the detailed methods used in their development, and to confirm the validation of modules 1 and 2 by evaluating the previously conducted (1-3) but not reported assessments of validity, reliability, and sensitivity to change. This was an extensive process that involved collection of all correspondence and materials archived by the ACFAS on the development of the original scoring scales and detailed review of this material over several sessions. We completely reviewed the previous work to assess the conclusions reported in the original publications and addressed the issues raised by others as mentioned previously. We reviewed the methods by which the original scoring scales were developed and the approach taken for instrument validation. Where possible, we determined standardization of the specific radiographic and objective functional items used in modules 1 and 2 to maximize reproducibility. To achieve this, we performed a detailed electronic search of the literature to determine if the techniques described possess a higher level of inter-rater and intra-rater reliability than those originally selected.
In the original publications of the ACFAS Scoring Scales (1-3) , the validation process, data, and methods used were not reported. The subjective and objective sections were lacking in regard to definition, measurement criteria, and derivation of information. In addition, the rationale for the specific scaling (weighting) was not discussed. Despite these shortcomings, we have demonstrated that modules 1 and 2 of the ACFAS Scoring Scale (as originally published, i.e., without any additions or deletions) met the threshold for validation criteria as described in the last paragraph. Finally, through complete review of all pertinent information and detailed data analysis we have provided the evidence necessary to address the issues raised above.
There are myriad strengths of the ACFAS Scoring Scales for footrelated health measurement. The sample size for modules 1 and 2 was suitably large, and the design involved a multicenter patient enrollment process. The general ACFAS membership determined the desire to proceed with the development of the scoring scales with the specific intent of having this complete the rigors of validation. There was a strong assessment and evaluation of content (face) validity that we were able to achieve through independent review. A patient focus group was used and a large number of experts were consulted, as well as involved members of the original task force that used a modified Delphi approach. There was also an appropriate time span between the test-retest periods that allowed for assessment of reliability. Reliability, validity, and sensitivity to change were all tested, and small confidence intervals, indicating good precision of the reported results, were observed. Finally, to the authors' knowledge, modules 1 and 2 of the ACFAS Scoring Scales represent the first region-specific scoring scale that has been validated by quantifying validity, reliability, and sensitivity to change (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
As with any meaningful publication, the strengths and message must be placed in the appropriate context by discussing identified limitations. Standardization of data collection methods was inconsistent for both subjective and objective components largely because of study intent to use the scale in multiple centers. Examples include patients completing the subjective scale in a waiting room versus in the presence of the surgeon. An objective component example would include angular measurement via digital rather than conventional radiographic films. Consistency in methodology is critical to internal validity and can decrease the accuracy of the data reported. In an effort to clarify and standardize data collection methods, Figure 6 has been constructed for reference when conducting the objective components of the first 2 modules. Although this is an important consideration, patients' results were compared with themselves at the different intervals and under similar conditions at those times. These differences are also reflective of the diversity of practice settings in which the scales were intended to be implemented into. Another limitation identified was in the definitions of measurements. In the original task force the numeric endpoints were developed via expert consultation, but a more robust approach is to use statistical methods to determine the distribution of measurements. Although not the ideal methodology, it is still considered an acceptable practice. Similarly, the weighting of questions was not determined by the optimal statistical methods but instead through a composite of consensus of expert consultation, patient focus groups, and others as noted above. As a result, question generation methodology was emphasized over question reduction. The scales therefore may include questions that are less useful and add to the overall burden of the data collection. Modules 3 and 4 have yet to undergo the necessary evaluations for validity, reliability, and sensitivity to change. Their use cannot be fully endorsed at this time; however, there are future plans to conduct these necessary assessments. Demographic data from the sample population were not archived by ACFAS and therefore could not be analyzed by the authors. This makes generalizability difficult because the patient population cannot be strictly defined. Because multiple centers were selected, the samples are assumed to reflect an average foot and ankle surgeon's clinical environment. Cluster analysis would have been an ideal but onerous method for analyzing differences at each of the centers. Criterion validity was not assessed in this setting because a gold standard for comparison does not exist. Several other scales are routinely used in clinical research; however, comparison with them as a gold standard could not be assessed because of significant concerns related to their own validity, reliability, and sensitivity to change, or because they were not analogous. As per mandate, future reviews and updates will attempt to address these limitations to their fullest extent. These updates will include the addition and removal of questions, development of more global questions, and other issues or concerns as they are identified.
In conclusion, we have addressed the issues raised by reporting the detailed methods used in the development of the ACFAS Scoring Scales, as well as the steps used for prior validation of modules 1 and 2 that included assessments of validity, reliability, and sensitivity to change. 
